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RESEARCH MEMORANDUM

FULL~SCALE INVESTIGATION OF A WING WITHE THE LEADING
EDGE SWEPT BACK 47.5° AND EAVING CIRCULAR-ARC AND

FINITE-TRATLING-EDGE-THICKNESS ATLERONS

By Roy H. Lange

STUMMARY

The results of an investigation In the Langley full—scals tumnnel
to determine the aerodynamic characteristics of a wing with the leading
edge swept back 47.5° and having e 20—percent—chord, 50—percent—span
outboard allercn ere presented in thils paper. The wing had symmetrical
circular-arc alrfoll sections and was investigeted both with a
circular—arc contour alleron and with a flat—sided contour aileron wilth
finite trailing—edge thickness. Tests were also made to determins the
alleron effectivensss wlth and without the modifled ailerog All the
data are presented for a Reynolds mumber of about 4.3 x 10° and a Mach
number of about 0.07.

The results show that the flnite—tralling-edge—thickness aileron
caussed about a 3—percent steblllizing shift In the asrodynamic—center
locatlon as compared with the basic wing for a lift——coefficlent range
of 0 to 0.35. The finite—trealling-edge—thickmess alleron caused about
a 15-percent Increase in drag cosfflclent for 11ft coefflclents below 0.3.
In genersl, the finite—~trailling—edge—thlickness alleron geve a more
nearly lineer variatlon of rolling-moment coefficient with aileron
deflection for a range of angle of attack from 0° to 16° by eliminating
'bhe reduction 'in alleron effectiveness for deflections between 10° and
15° characteristic of the basic wing ailleron. For eangles of attack
greater than 16° there 1s no appreciable dlfference in the effectlvensss
of the two alleron configurations.

INTRODUCTIONR

The problem of securing adequate lasteral control for high-spesd
alrcraft employlng sweptback wings requires careful conslidsration for
both the high-speed and the low—speed flight conditlons. An investi-
gation at high subsonic and transonic speeds (M = 0.50 to 1. 2) of a
20-percent—chord, 50-percent—span outboard alleron on a 2. "( sweptback
wing showed that changing the circulsr—erc aileron comtour to a flat—
slded alleron contour with finite trallingedge thickness eliminated
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reversal of control in most cases and generally improved the alleron
cantrol characteristics (reference 1). In addition, an invesilgation
at a Mach number of 1.9 (reference 2) also showed scme improvemsnt in
rolling effectiveness resulting from the use of the thlck aileron.
Inesmuch asg the alleron’ with finite tralling—edge thilckness produced
deslrable control characteristics for high-speed flight, 1t was of
particuler interest to determine the characteristice of this alleron
for low-gpeed, high-attitude flight condltions. Therefore, incldental
to a general investigatlon In the Langley full—scale tumnel of a

47.5° sweptback wing with symmetrical circular—arc airfoll sections 3
tests were made of the wing with a 20-percent—chord, 50-percent—span
outboard aileron wlth both the circular—erc contour and the flat—sided
contour with finlte tralling-edge thickmess. A traillingedge thickness
of one—half the alleron-hinge—line thlickness was tested Ilnasmich as the
resulte of reference 1 indicated that, In general, this configuration
was more effective than other trailling—edge thicknesses.

The invesgigation Included measuremsnts at a Reynolds number of
about 4.3 X 10° and & Mach number of about 0.07 of the 1ift, the drag,
and the pltching—moment coefflcients of the baslic wing and of the wing
with the finlte—tralling-edge—thickness alleron installed for a large
angle—of—ettack range. The alleron effectiveness was also determined
for the two aileron configurations from tests with the righ'b alleron
deflected through a range from 0° to 19.6°.

COEFFICIENTS ARD SYMBOIS

The test dats sre presented as standard NACA coefficients of
forces and moments. The data are referred to a set of axes colncliding
with the wind axes, and the orlgln was located at the quarter—chord
point of the mean aerodynsmic chord.

cr, 11+t coefficient (Ei—f-t) ,
aS N _
Dr .
Cp drag coefficient (-QLEE) | : | -
Cm pltching-moment coefflcient (%LG) ' :
Q - .
Ca rolling-momsnt coefficlent (E%Q 3 >
1 rolling—moment coefficient produced by the alleron
M pitching moment or free-stresm Mach number -
L rolling moment .
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a angle of attack, degrees
q free—stream dynamic pressure
S wing area (231.0 sq ft)
b wing span (28.5 ft)
c mean serodynamic chord measured parallel toc plane of
b/2 )
symmetry (8.37 £t) <§- f cldy
y 0
X distance from leading edge of root chord to quarter c/:hord.
b 2
of the mean aserodynemic chord. (9.03 ft) G cx d%
t airfoil thickness
B, right alleron deflectlon, positive for down deflectlons,
R degrees
c chord, pareliel to plane of symmstry
x longitudinal distance, paralliel to plane of symmetry,
from lesading edge of root chord to quarter—chord polint of
each section
3Cp,

oo rate of change of pitching—moment coefflcient with 1lift
CL, coefficient

rate of change of rolling-moment coefficient produced by
aSaR ailleron with right alleron deflsciion, per degree

MODET,

The geometric characteristics of the wing are gliven In flgure 1.
The wing has an angle of sweepback of 11-5 at the gquarter—chord line, an
aspect ratio of 3.5, a taper ratio of 0.5 and has no geomstric d.ihedral
or twist. The alrfoil section of the wlng 1s a symmestrical, 10—percent—
thick, circular-erc section perpendicular to the 50-—percent-—chord line.
A more detailed dsscription of the wing is given In rsference 3.

The aileron tested was actually an outboard 50—percent—span, 20-percent—

chord (normal to the 50-percent—chord line) tralling—edge plain flap.
This flap was pivoted on plano hinges mounted flush with the lower
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wing surface and, therefore, only downward deflections were possible.
When the flap was deflected the gap on the upper wing surface was
covered and faired with a sheet-mstal seal. Alleron deflections of 0°,
5.7°, 10.2%, 14.3°, and 19.6° were provided on the right aileron

only. A sketch of the aileron contours tested is given in figure 2,
and a photograph of the wing with the aileron modified with a finite
trailing—edge thickness l1s glven as filgure 3. .

TESTS

A1) the tests were made through an angle—of—attack range from

about —2° to 25° and at a Reynolds number of about 4.3 X 10~ and a
Mach number of ebout 0.07. In order to determlne the longitudinal
charecteristics of the wing measurements were mede of the 1ift, the
drag, and the pltching-moment coefficlents- of the basic wing and of
the wing with the modified aileron. The aileron-effectiveness tests
were made wlth only the right aileron deflected through a range from O°
to l9.6°. For these tests the glleron was set at the required deflec—
tion, and then force tests wers made as the angle of attack of the
wing was increased from 0° to 25°.

The effects of the aileron wlith finlte tralling—edge thickness on
the stall progression of the wing were determined from visual obser—
vations of the action of wool tufts attached to the upper wing surface.

RESULTS ARD DISCUSSION

The resultes have been corrected for the stream alinement, the
blocking effects, the tares caused by the wing supports, and the Jet—
boundary effects which were calculated on the basis of an unswept wing.

Longitudinal Aerodynamic Characteristics

The finite—tralling—edge—thickness alleron shows a slight increase
in lift—curve slope and in maximum 1if% coefficlent as compared with the
hasic wing. (See fig. 4(e).) The drag coefficlent of the basic wing is
Increased by ebout 15 percent for 1ift coefficilents below 0.3 by the
addition of the finite—trailing—edge—thickness alleron. (Bee fig. U(b).)

As shown by the variations of Cp with Cr in figure 4(c), the
aileron with finite tralling—edge thickness caused about a 3-percent
stablilizing shift in the aerodynamlc—center locatlon as compared with
the bhesic wing for a lift—coefficlent range from 0 to 0.35. TFor 1lift
coefficients above about 0.5, however, there 1s no appreciable change
in serodynamic—center locatlon as compared with the basic wing.
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Observations of the stall progression over the wing wilth ths finlte—
trailing—edge—thickness alleron installed showed a delay In the angles
of attack at which spanwise flow was fully developed in the outer wing
semigpan as compared with the flow over the basic wing. As a result,
the flow over the outsr wing semlspan was improved through the low and
‘moderate angle—of—attack range which resulted in an Iincrease in the 1lift
over this portion of the wing and more stabllizing pitching character—
istics. However, at the higher angles of attack there was no signifi-—
cant difference 1n the stall progressions.

Aileron Effectlveness

The rolling—moment data presented in figure 5 were used Lo obtaln
the aileron—effectivensss resulis presented in figure 6, and the rolling—
moment coefficlents presented in figure 6 represent the coefficient at a
glven deflection minus the coefficient at zero deflection. In genersal,
the finite—tralllng—edge—thickness aileron gave a more nearly linear
variation of rolling-momsnt coefficlent with aileron deflectlion for a
rengs of angle of attack fraom 0° to 16° by eliminating the reduction In

iy

OBag

charscteristic of the baslc wing slleron. For angles of attack greater
than 16°, there is no appreciable difference in the effectliveness of +the

g
two alleron configurations. The alleron effectiveness S at the
&R

the alleron effectivensss for deflections between 10° and 15°

highest deflectlon tested (53‘3 = 19.69 decreased from valuss

of —0.00118 and —0.00148 for the basic-wing alleron and finite—
trailing—edge—thicknese alleron, respectively, at an angle of attack
of 07 _to —0.00039 for both aileron conflguratlong at an angle of attack
of 20°. The effectivensss is further decreased to_about zero for both
ailleron conflgurations at an angle of attack of 22°. For these higher
attitude conditions, each aileron produces about the sams maxImum
rolling-moment coefficient of about -0.012.

SUMMARY OF RESULIS

The results of an Investligatlion in the Langley full-scale tunnel
of a wing with the leading edge swept back 47.5° and heving a 20-percent—
chord, S50-percent—span alleron wlth-a circulsr—earc contour and with a
flat—sided contour with finite trailing—edge thickness showed the
following:

1. The finite—trailing—edge—thickness aileron caused a 3—percent
gtabilizing shift In the aerodynamlc—center location as compared with the
basic wing for e lift—coefficlent range from 0 to 0.35. For 1ift



6 N RACA RM No. L9BO2

coefflciente above 0.5 thers l1s no appreciable change in the aerodynamic—
center location as cdmpared wlth the basic wing.

2. The finite—tralling—edge-thickness alleron caused about a
15-percent increase in drag for 1lift coefficlents below 0.3 and
slightly increased the lift—curve slope and maximum 1lift coefficlent.

3. In general, the finite—tralling—edge—thickness alleron gave a
more nearly linear varilatlon of rolling-moment coefficlent with alleron
deflection for a range of angle of attack from O° to 16° by eliminsting
the reduction in alleron effectiveness for deflections between 10°
and 15° characteristic of the basic wing aileron. For angles of attack
greater than 16°, there is no appreciable difference in the effectiveness
of the two asileron configurations. g

Langley Aeronautlcal Laboratory
Natlonal Advisory Committee for Aeronautica
Langley Air Force Base, Va.
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Figure 3.- Three-quarter rear view of wing with £inite-tralling-edge-
thickness aileron linstalled.
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